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UPRICAL.SEEC'MMAND MAGNETO-OPTICAL PROPERTIES OF EXCITONS

Kok sGAL S8

A somplex stiructure somsisting of nayyow Btyong absoyption
1ia0s is obseyved st the edge of fwadsasntal absorption of a nul-
bar of exystals at lov temperstures, A styaotuye of sueb kind has
ulyesdy been known well in crystals of alksli hulides since the
time of Hilseh and Ponl/l/' The receat works have established that
the structure of the fundamental sbsorption edge is some commom
phonoasuon, detected in s number of ctyotaln:x) c“szCAS'CdSQ)ZhSI
Hb')z,'?GD‘L,CuCL,CuBr, Cul, BaO and oThers.

The lurge absoyption coeffioiemt in structure lines allows
us to refer tLem to tine orystal lattice, This very fact, togetherx
with the d.sposition o. tone iines at tre very ed;e of fundamentel
absorption give us grounds to connect t.e linear structure with
fopmat.on of excitonc, thecretiocally foreocust by Fronkol/z/.x‘)

1 shell mninly dwe.l on tue investizations of my laboratory
in Leningred sarried on with the astive participation of NeAe
Kaxryev, BoP.Zunayoenja, A JAJKaplyanaky, B.Se.Rasbyrin, B.V.Novyl-
Xov, VeBJSobolev, M A Jakobson and others.

The most interestin; snd oclear results have beeu obtained
oa the suprous oxide crystal where, at theé absorption edge, two
series of narxrow lirves, "yeilow" and n;gyeen”, cen be ot erved

(Figel)s The grequencies of these lines, converging to the series

limits, well satisfy the ny.rogen-like gelation of the kind:

Vn' Voo - -:%‘—— ceesseese (1)

x) Hosever, it must be goted. that in some orystals, such as:
vzo,, loOB. A'255’ 31205. Ti0, and some others the structure
at the adserxption edge has not been found.

xx) Hessvey, one shouid always bear iz mind that some narxow
absorption lines may D conapoted witn impuritdes ce.tres and
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wG¥. Al Lo owviofnl bhzk Lhe Cxociton iiumeters ‘op iigh exeita-

Casse
G oetiier oroet questum numbers) are ex:rescly a*igt.

-

Saturuiliy, mictrust and doubt B.y aT:8@ as to whetrey there
osn rea'l, exiut in or;stols quusi-utomz-exsitona coasisting o3
eleatroa uai fele of sue- g;&it size, iPerhapa this idea of exel-
toa 1. a resust of a wiong ‘.ter;retitica of exyerimental faot -
tow ex.zteuce 1., the Cu20 orystel spectrum Of u ter-memder series,
However, se must necesssrily come to tre cenglusion that sueh
£¥8st excitons do exist in orystale, Iais 1s pointed at dy two
iudigenient plienomens wrieh we were able to otserve in the exei-
ton spcotrum -~ the .taurk effect and tre Zeeman effect,

Zagarécnja, i8jnov and I were uble to obsorvv/4/ the Stark
efrect cu t.e members cf t.e exciton series eves iu & weak elee-
tric tieid &K = 5 kv/cme That 1s posiidle only when the exeiton
3,288 ure very é;gﬁt. It 1s further possible to observe the
pPhenomenon or the ionigstiom (disoooiatioi%h:f exciton by weak
electric field, Beginniny #iti the rield E=6Xkv/em
the .1, member: of the series gradually disappear being cevemed
by the fumdamental absorption edge shifting on the exeiton series
(F1Se2). A8 the field increases the absorption edge covers more
au. more series members 80 tnut wi:.en tre field E =30 kxv/onm,
tne wnole exciton yellow series disappears. The exciton disso-
clutes under the influenee of the field wnieh tears eff the
eleatron frow the hole. The teariag off the electyoms by the
electrio field is also odsarved in atoms though tke field thea
1s very strong R = 1000 kv/am. The fast that the saame phenome-
acn 1 osbserved Lo exoitons with rields a bundyed times less

priots 1o L@ lerse sise 6f the exoltva’e wrxbite .
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Furt..er, vur resvurc. work wit: é&marc'onja Les  ehowm /3

tuat LhC memiers ot the exoitonm series in Cu,0 do not display
4 ordlnaxy purass;aetic Zeeman effect proportionnl to the magme-
t1c field H but a dismagnetle one proportionmel to the square of
the musnetio fieid. Undey the icfluenge of the megnetis field
there takes place a snift of the splitted exciton lines to ths
violet paxt of the spestrum towards the series limit (Pig.3).
{ne shift is greater the hi-her is tne quantum number a of
jéries member and increases with the inorease of the magnetie
rield. Investisations bhave s iown /5/ that the ships 4, proper-
tioaal to K° and n‘.

TLese experimental results 8re in full asreement with the
theory of diamsgnetig quadratie Seeman effect &ccording te whigh
diamacnetic shift is Proportional to the square of the slestyon
orbit radius und, therefore, to quantuam aumber in the feurth

power’ Y/

el x° + y2) 82........"
AW. _.;_;_2__ ( i o (3)

Agreement between experiment and theory shows that the
ovserved sLift o1 the series members of exoiton in mapaetis
field 1s due to the disssagnetism of eéxciton, The diamagnetie
sLift ia the Zeeman effeet is VOry great as ean reedily be obser-
ved «itu the series member having the qWeatum number a « 3,
4hlle in atomie spestrya such & shifs 4s obunod/.'/ o very
khigh series memverys (a == 30) only., This shows that the exeiten
dismu netism is veyy great; that, ia its Sum, 1s a sonsequenge

\.0f very laxze sxeiten orbits,

The diamegmetis anift ia the xeiten apmtyen (fosumia /3/)

811048 1o determine tke emwiten radims, TN “abift for seies

¥y Approved For Reloase 2000701716 - CIA-RDPBOT00246A004600080002-1 =teeesmmsnremsomn



Approved For Release 2009/01/16 : CIA-RDP80T00246A004600080002-1 . STAT
‘ o

BeALVer n = ) aswsured experimeatally is 1,0 -’1. als
vulue determliues the exeiten diamster sceesding to fewmmls (3).
dbhen He 20000 eepsted, 1the exeiton diametey beseass

4 ox = 40 X, The sise of 116 dlseeter for the seme emeited
state 0l toe Gmoitom ealculated (formmls /2/) fros the Mets
exciion moLies w3 Iound to te d’ ez * 30 2. The sgseemtat
Leiwesy 0e suiculated values is guod eavgh @o0sideying the
syproxinute monaer of esloulation,

Tuus, the vtudy of Zesmsn effect iadependently ef the
Sturk 8rfeot and Lue series relations (fommula /Y smd /%/),
0480 pulnt 0 WHe Gxtreatly great dameasions Of b6 emsitea ia
suprous oxide Gt]‘m'/o

A mope thogoug!: study of the Zeeman effegt in the emeisen
spestrum leads 10 the couclusiow’ & that an oxdinazgy paresagas-
tic Zeamua ° feot observed ian free atome is fully abeemt oz
rut.er sanll in the series membeyes (A w 3,4,%,L) ©f the emei-
toa 4a Cu 0 orystales 1he aplitting ©f the series ssaders &
oruised oy tue diuab.nctic eifeet ocaly. ¥his condlusion fellews

a/ -hile Zabherdea}p snd I were investijsting the exeitoa
cpectrul iu ouprous 63140 there arese of oourse sweb a
quesiloa us shether very thia Cu 0 plates cun held sueh
lurge uxsivcas,

1 tie Cu 0 platee are tiin encwgh, soms Of the dange
813itons SupOBisily Lhose w . isk (st ezeited aeay the suzfael,
04400t U8 LOmeC und choaot 0218 in plates. This pashessnce
Bt aanitest the disappeamnase of theee 1iass 8t the emeiten
series limit arish &re coaneeted with the encitpticn of vexy
luzie exzitons, Fephmps, tuis 1s by i the ma of

isuurdengs ond myself ia thin plases the higheed
oI 1@ GEALtoa atriss seem 0 B% weskened mvmm
delt of e 22103,
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fyem 8 xumber a‘”m and from w sxparinentally estad-
itaned feest Shet the pisture of magnetie splisting is sompletely
oy almest completely idemtiesl ia f ms O ecmponents,
(Pigeé)s This Ss met odediwpd 1ia Zeeman effect in Iree atemis
systems,

*he valus of magnetis splittiag OV  of 2 normal
Zeemaa Hriplet ia the exeitea spestrum must de propertiomal
to (//e*- UF) - the aifferense between the effective
masses Of electron and hole 1a the omta1/9/. The magnetis
splitting AV may be equal to 0, i,es the limear leemsa
effest may be abseat ealy whea //e - A ¥ thes 18 tellews
Shat in o ouprous oxide erystal Shere exists an em¢iten of the
quasiposityonium type with equal ey slmest @qual masses of
elestyon and hola,

¥nis sonslusion based em the absene® Of oxdinaxy ParemsgRe-
tis Zesman effect ia the series membeys ia Cu.0 1s at the seme
S4im® a preef that the hydrogea-like seyies of anarrow lines in
Cus0 erystal is reslly dwe to the exeitom and mot to some kiad
of iapuyity eentres ox defeets ia the c:,o lattice.. Vere the
series ccanseted with such sentyes aad not with exciteas, the
epdinaxy linear Zesmea offest would have te be ovserved ox the
seyies liames. However this 1is not edsexved,

The study of the msgmetic fisld astiom upen the cuprows
o3448 e¢xeitea speciyum has dreught MM end myself to ene
Bere yather iateresting ph-o-iu-/u/. Ye Mave diseovered
that aeey the series limit, wheye the dingsgnetie shift 1is
conpayedle® with the distanee Letweea the asighbouriag series

members, these appears & spestyum ecasisting of almest equidis-
STAT
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sa8% linese The distanes beiveen the lines when I » 2000
eexsted ix sbout 2 eml. Graduslly weskeuing emd becoming
irregular tals linear speotyum extands beyoad the series limit
where iu the shaemee of & magnetis field a continucus spestyum ¢
cerres;amding to the exciton diseeciaticn is observed, Besides,
beyond tioe exsiton series limit oA the »ackground of the conti-
puous speciyum there sppear ia the sognetic field z2lmost equi-
distsnt dlifuse ebeorption maxims (Fig.5). When the fleld
E = 3030C cereted, the distance Dbetween tlre atsorrtion maxims
is abdout 7 oa'l. 1hese maxima are supsrpesed by hardly distia-
guisned liues ia a way of sose kind ef fine strusture. Thus
in @ megnetie field tne contiawcus spectrus beyond the excitea
sories limit is no longer socatinueus, dut yaveals tz0 pPasnemena:
1) sbsexption maxims beyosd the series liait and 2) a fine
strusturs on theme, The further the absoxptioa mexims from the
series limis (whem H = 0) the weaker their intemsity and
they graduslly melt iato the eontinwows abdsorption daskground
At magnetie field being equal te H = 30000 cersted we could
obsexve up to tean such maxima,

The 4desarided pisture of an excitoa spectrum in a mgnetis
field is a0t to be interpreted as » styoag diamegnetiis shift
of nighest sexies members. The spproximste equidistanece of
adsexrptien maxime beyond the sexies liamit dees net sorrespend
to the I° law of diamagnetis shift, but the distases detweea
the maxims is propoytional to the magnetie rield K,

Tris makes us supyese that here we have to do #ith a Ree

phenomenon 0f the a,pe.runge of liamagnetis levels of exéited
Approved For Release 2009/01/16 : CIA-RDP80T00246A004600080002-1
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carriez meving in the msgnetio rield in accordance witn Landsu
thoor/u/ and obseyved in cyclotyon resonaneé experiments.
However, Sex exeitons tihis phenomenon must have cpecifie eutlines
fhe electron and nole in the exciton are not free; they are bound
by eoulomd forces. The soulomd forces are sirony for the low
states of the excitou ana gredominant as soapayed with Lorens
foroces arisiag from o mugnetic rield H, On the sontrary the
coulomdb forees are weak at the highest exoited stautes. The mag-
aetic ferces are predominant here determining the regularities
aear the seyies limit and eall forth the equidistent maxims ia
the exciten spestrume

Owing to the msgnetis fisld there san exist some aoandisse-
eiated states ¢f the exciton beyend the series limit. The mag-
actis rield dees not let the electyea tear off from the hols,
198, dissesiste the exciten sad ea the coatraxy keeps the cloe-
Syon and hole in the stavle ddsezste states.

The gememal pistuye of continwous absoyptien with diffwse
mexima beyoad the exciton series limit (without fine styusture)
gives adove is well explained by the Lunuu/n/ level sehoms,
It meeds no goulomd intersetion for its interpretation and might
D0 alse ebssrved oa free electroas aand holes net bouaded iate aa
exsitens On the ®atrary the appearunse of diserete lines ia
the form of some fine strusture on these diffuse absorxption
mxima is ealled ferth by the presenge of the eoulemd field
Petween elestrons and holes evea though a weak oane at lomg
distanges Detween electron and hole. The appearanee® of diserete
fine structure is typiesl mamely for ﬁﬁ‘ﬁau of electron amd

hele, 1.0, typiesl tor an excitom,
Approved For Release 2009/01/16 : CIA-RDP80T00246A004600080002-1
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e theozetisal study of tae exoitea GAGYgy spestrum in &
sagnetie field sade by pref. P.P.Paviaaky, sonfizms these consi-
Gerations,

gie 3hpddinger equation for the metion Of hele aad eleetram
of the exciten in s f£ield of ocoulomb forees and & magaetis
t1eld H (dirested aloag % axis) msy be writiea as follows:

1
- .f.... Ao _2'__'_’_,_ (22 + 7*) - _i;'v. L))
-y e L
oo re ’* 4s the redused erfestive exciton macs, £ = ng - s
e opticul dielectric coastant, In the egquation a msmber 19
nissing tast ebhuresterized the peremsgaetisa of an exciton. AS
the offestive messes of elesiyon and hole in & euprous exide
expstal an® approximstely equal f‘* - ﬁ. this member of b8
equatieca (#) 1s emell and may set be token into sseocunt. Yeal
sagnetis erfests dound with Ahe shift of she centye of gravity
of the exeiltom ard also disregarded.

A mathaputical anslysis ef the aolutions of the e usiion
(‘}) shows tlut the smergy distaase D\ ¥ betwsen the alsorption
me3ime beyond the series limit, oquals A B = h-Q-

9

whe re IR “ sesencesse = ."‘10‘]‘ frequendy, eox-

value of )/2- boome s ~oale * put u’l, while the

experimmiel wvalue e Yem“e The differeass

w
Xy

betwean Lhese values Bay be sooneeted with some laascursey of

18 axperiment 07T, pessidly, with the dopendence of the ergective

‘ - AL 2 e .ameina *iald .
ex0 ' Approved For Release 2009/01/1.6 X C|A-R.DP80T00246A004600080002-1
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The frequeaey Q » fouad from the eneiten spestrua
ia & maguetis f1eld is eyual te the sus® of eyeletren freques-
eles e amd QA, of elostyon and hole fomiag the
exsitea,

__{2-( sz. * .S/Z'); .S?. .Q—l—_ ; ﬂ.. e K

N e

M
L may be salled ‘*the sycletron fyequensy of the emeiten® as

it aight have appeared in the adserption of o lowegrequeney
electromagnetis mdiation 4a Wyelotzen yosonanes aporimmis,

It seems t0 ws thas the phecomens we Mave beorzved - the
®quidisteat strusture deyend the emsitea sezige nit of
Cuz0 1a & magnetis f1eld 1s by 1ts very matuye similay te
oseillatoxy sagneto absexptien effest obseyved Wy Swesdliag
and Laxy'1%/ in gomenium as well o by Duysteia and Pisw’lY
ia Iasy.

Now I should 1ike te retura to the problen of ensiten sises
in erystals. Besides emsitens of lazge redii theye may alee
exist exeitons of smell radii ia the exystal dettiee. Zehesdem-
Ja, Resdyria smnd I have observed 1a the speetim of the empyetals
¢ esdainm sulfide growps of lines at the g of Pendssmatal
absorption whiek bbow sa eplinary Zeeman splisting in %he magne-
tie field and do nst revesl aay dlsmagmetis snige (Phgeb ond
9). Ia ether wesds, their Zeeman effoet, oo 1t 1s, difreys

4 s Suhge
=/ mmmu;uhjzmu-muomm.*, ,
the frequeney of should bo oymal te s sip oy o
Palfone ad ®ha moatas—— & . . . - n 2
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1ittle from the pheaomeas ebserved in fre¢ atems and ions eor,
for example, 1in yaye earth cyystals, It shows thet the eleetron
exsitation redil heye are aet laxge sad, prodakly, do mot

pass the limit of the elememitary erysfal eell,

Eseitfons in erystals esn diffey mot only in sise dwt ia
mtusl spin orientation of eleetrem sad hele. That leads %0
twe differsmt kinds of exeitens: psra-exciton sad oxvi-exei-
ton having different physisal properties,

Under the imiiwenee® of lixht there may arise ia the erystal
oaly parc-exclitoas, Or&-mitno By appeay wader the aetion
of light waves oaly in ease of soms simulteneocus @isturbing
inriuene® whish may esause the tum-ever of the spims ia the
exeiton, Such a disturuing setien at fommation of erté-exeitom
may gall forxtu, Ior exumple an electroa lattice dafeet or a
paramaguetis ion as weil,

The “life-time” of wu ortb-exeiton in a erystal ammst
be substuntiully longer than of paya-exeiton, as its annihila-
tﬁn’;..‘xﬁ 1{:‘5262,:::‘,% [}:-'I'w ;::fmz;:{t{:f?/ Re orlhe - exciTon mus( A[-

" The enexgxy reade detween the levels of payss and -
ox\fb-cuitm- fox excitens of lazge radii is vexy little (zs
for a para- and orthe-pesitronima). It eaa be eonsideradly
greater only for excitoms o# s small redii DbdOsawse eof the
intersetion detween the elecirea of the emeiton with ether
eloctroniof the 4ioa in the lattige, near whish the exefiton
wes ereated. As it is revesled with a N.tét.. the levels
of an ortho-exeiton eaergeticslly are beligred t0 de lewer
tasn the Jevels of a pare-exoisen, Thus, e sdsoxptiom (exei-
tatiou) spesthmum of an ertho-exsiten, wbisk 18 % b very vesl,

Approved For Release 2009/01/16 : CIA-RDP80T00246A004600080002-1
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s well as 1ts enissien (luminesstuss) spestyum st Lte eamnihi-
lation must be shifted to the leng-weve side fyom the pazesemei~
tea apeoti e, |

It seems %0 be pessible that the so-salled odge énisesisn
ebserved in the lumimessence of & awmber of syystals, is eounnceted
uith the fommstion and smaihilatiea of ertho-dxoitensy

Lately there appeared some tusoretisal woiks Wy !‘lﬂ“/ w
and 22iifay 2%/ studyiag seme sspeets of para- and eztbe-emeitens,

/0/176/“*— ncﬁn/cal AZ«’ZZZZ

A . f
hcadcm\/ a'F Sae.n €3

A’/é’r\{nqr‘a(]; ’ Z(SSR _

“
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